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Module^ No: 
II2WWS 



Approx. Time: 
T6 hours . 



Module Title: ' . . 

■ FluQridatiorirantl Defluoridation 



SubmotiuleTitle: 



Topic: 
Summary 



Objectives: Upon completion of tins module, tffe participl^nt mil be able 

1. Evaluate the fluoridation needs for a water ^^supply.* 

2. Design th^* optimal fluoridation system for a water supply. 

3. Evaluate the etnalytical requirement for a water s^upply. 

4. Determine if a defluoridation \system is required for a. waller supply. 



to: 



/ 



Instructional Aids: * ' 
1. Handoui 

•2. Transparancies #1^#^3 



Instructional Approach: 
Discussion and class problems 



Referenq^s; • - . - , 

'jfl-. Watyff Fluoridation Principles and Pracfrices > Manual No* M4, AWWA- 

2. Manir|&l of Instruction for Water Treatment Plant Operators > HES « 

3. Standard Methods for Examination of Water and Wastewater . 14th Ed. 

4. Methods for Chemical ^Analysis of Water and Waste > EPA » ^ 



Class Assignments: 

Read Handout & Work Problems #l-#2 



5. 
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of 



t'lodule No: 
II2WWS 



-Topic : 



Summary 



Instructor Wotes^ 



1- ^Distribute Handout 



2. Present Traaspargncies 



\ 



Instructor Outline': • 



1. Discuss the need, design, labp'ratory'^control 
. and safety requirements for a fluoridation • 

system. * • . 

2. Give evaluation of 30 questions. ] 
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Module No: 



tt?wiaI<; 



Approx'.' Time: 



1 fwur ^ 



Module Title: 

Flaor'idation and Def luoridation 



Submt)dule. Titfle: 



Topic: ^ 
Introduction 



Objectives: Upon completion of th-is topfc, the participants will be able tq: 

1. ' Describe what fluoridation is.^,. - 

2. Deserve the need' for fluoride-'in drinking water' ' * . 

3. - Analyz-e a given*'water supply and deterfiiihe the optimal fluoride concen- 

tration. ^' . C ' ^' V . ^ 

4; Analyze a given water" supbly and determine the conce>itration.of 
fluoride above which def Ijoridatiin 'would , be required/ 



InstructionaV Aids: * 



Handout - Introduction , * 

Transparency #L - History of fluoridation^ / ' . 

Transparency #2 *F^uoride concentration vs dental caries, 
Yr.ansparency #3.- EPA Drinking Water Fluoride. Standard . - * 



Instruction^^] Approach: ' ^ 

4 > 

Discussion and problem solving 



References: , . - , ' 

1- Water Flugridation Pnijciples and Practices ^ Manual No/ M,4; American 
Water Works Association- 

2. ftanual, of Instruction for Water Treatment Plant ^Operators > Health • 
Education 'Service * . * 



Class Assignments: ' - ' 

1. The, participant will read Handout-Introducfi^on — ^ 

2. The^partici pant, will work a class problem, #1 to detdmine-iTiaxNjTium 
alloi/able and optimal fluoride cbacentration for a given Water su 



upply. 



P^ge_ 



of 




Topic: 

Introc|uction 



Instructor Outline 




1. Pres~ent Transparency #1. 

2. ^ Present Transparency #2 

3. Present Transparency #3 



4. Present Class Problem. #1. 
Work problem with class 
• participation. 



1. ^Discuss the history of fluoridation and the 

total population affected.- 
'( . , 

2. Discyss the benefits of' fluoridation "and the 
^ , age groups mostly affected. 

3. . Discuss. the limits for fluoride in the EPA 
* Drinking Water Standards. Disciiss why air 
.•temperature- is used.- Discuss tile optimum ' 

concentration . ■ " ' . • . . 

4. a) Defluoridation •' • - 

c) 1.4 mg/] ... ... ' ^ • 

d) .7mg/l. - ; - • 
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Module 'Mo: 



II2WWS 



rox. Time: 



hours 



Module Title: / ' * 
Fluoridation and Def luoridatton 



Suttmodule Title: 



Topic: • ' ' . • 

'principles of Fluoridation 



Objectives : Upon completion -of this, top ix, the participant will be able to: 
1/ Describe the^role of fluoride in preventijon %of dentaT. caries. ^ 

2. 'List compounds ^commonly used^in controlled fluoridation, 

3. List one advantage and. one disadvantage for 'each compound used in^ 
controlled fl uori-dation . - ' • , 



Instructional Aids: 

1. Handout-Principles of Fluoridation 

2. Transparency #4-Sodium Fluoride 

3. ' ^ Transpareiucy #5-Fliiosilicic Acid 

4. Transparency i#6-Sodi1jm Sil icoflyoride 

5. ' Transparency/ #7-Siimmary of .Fluoride Compounds 

6. ^Transparency #8-Summary of Chemical Use 



Instructional Approach; 
Discussion 



a' 



References : ^ - ' ^ \ - 

1. ^ Water Fluoridation Principles and Pracftices > Manual No. M4, American 

Water Wor;l|5 Association. 

2. Manual of Instruction for Water Treatment Plant Operators , Health j 



Education Service 



I 



Class Assignments: ^ y 

1. Thfe par'ticipant will read Handout - Principles* of Fluoridation 
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Topic:. ^ ■ ' ' 
Principles of Fluoridation 



Instructor Notes: 



1. Present Transparency #4 



2. Present Transparency #5 



3. Present Transparency #6 



4. Present Transparency #7 



5. Present Transparency #8 



Instructor Outline": 



\ ; - 

Discuss advantages and disadvantages of 
irsi.ng sodium- fluoride fgr* controlled- 
fluoridation. . - 



3.C 



4* 



a. Chemical Costs 

b. Capital Cbst;^ 

c. Safety 

d. Operation 

Discuss .advantages and disadvantages . 
of jjsing fluosilicic acid for controlled 
fluaridation. ^ 

a. V Chemical Costs > , ' / 

b. . Capital Cbsts 

c. Safety - ' ^ ' 

d. , Operation * - ^ ^ 

MJiscuss cidvantag.es and disadvantages of^ 
,usifig sodHum siJicofluoride fon controlled 
fluoricJaticm. . ^ , ^ 

a. - ChemicalXcosts 

b. Capital Casts. 

c. Safety 

d. Operation 

. Compare the various compounds and their 
uses for differentXappli cations: 



Review material 
parencies 

1) Chemical Costs 

2) Capital Co^s 
^ 3) Safety 

* 4) Operation 



rom^Rrevious trans- 



5, 



Compare the various compoihcts ahd general 
types of installation. \ 

a. Types of installations fo'r different 
sizes of communities ^/ 
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Module No: 



irzwws 



Approx, Time: 
' 3 hours • 



Module Title; 



Page^ ^of_ 



Fluoridation and Defluorination 



Submodule Title: 



Topic: 

Solution Feeders Used for Adding Fltforides 



' O ^ cT , - ^ 

.Ofey££tives :' Uponv^ompletion of this- topic, the ^participant' wil 1 • 
1. List, chemicals th^at are commonly fed by solution feeders? . 
List types, advantages and disadvantages of solution feeders 
Describe required maintanance for Solution f^^ers. 
Describe'safety and hazards in handling chemicals*.. 
Compute, desired solution feed rate for a given water supply. 
Select a solution* feeder system for a given application. 



2. 
3. 
4. 
5. 
6. 



tie able 



to:- 



Instructiohal Aids*: 



1. 

2. 

3.. 

4. 

5. 



Ha'hdout - Solution Feeders - ^ . ' 
Transparency #9 - Typical Solution Feeder 
Transparency #10 -Typical Dilute Acid Feeder 
Traospacency #11 -Positive Displacement "Solution Feedefs 
Transparency -.#12 - Example prdbTem on fe^er selection - 



Instruction-al Approach:- 
Discussion and probl em- solving, 



References/ • * " 

1- water/Fluoridati.on Principlas and Practices rT^anual No. M4, American 
Water Works Association . ' ' - 

2 . Manual of Instruction for Water Treatment Plant Operators ,ijieal th 
Education Service ^ . • ' . ' 



Class Assignments: 

1. The participant will read Hapdout - Solution Feeders 
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Hpdule No: 


Topic: 


: — ' t-T 


% ' 


II2WWS / 


Solution'Feeders^Used for Adding Fluorides ^ '"^ 




Instructor 'Notes : 




JnstructoNOutline: • ^ * 


« 


1 . Present Transparency #9 • 

r » / • 

< if 


1. Discuss tlie typi*cafl solution feeder * 
installation. Discuss* which chemical? 
are .commonly ysed with sys^v^^m: Discuss ' , 
■ ' operatiofial problems, necelsary safety ' 
^ practices, and maintenance for. system^,- . 


1 






a. » Softener & meter 

b. Float valve . • - t . ^ 

c. ' Distributor tubes 

ct. Pcjmps • • " • ! .y 
^ ' • ' . \ . '> 
.2.- D7SCUSS the typical dilute acid-feeder 
instalja'tion. Discuss*which chemica,ls'* 
are cti'mmonly used\(ith system. Discuss 
operational prob'p^ms, 'necessary sa/ety 
practices and njaintenanc^ for systems. 


0 

1 


2. Present Transparency #10 

> 




X 


• 


a. Transfer pump . ' ^ • 

b. ^ Mixer * . 
c;. Air Gdp 

d^,* ^umps ' \- ' • ' * ^ 
. . ' ' . ' ' . ' ' " 




3. Present Transparency #11.. . 


3. Dis.cuss the positive displacement solution 
•feeds available. - Discuss advantages and 
disadvantages of'ea^h. 


• 






a. Resi^ance to corrr.osion ^ ^ 
• b. Resistance'to abrasive mateV^ials (scale') 
.C. Type' of flow produced ^ " • " ' * 
^ ^ Cl. Repair record - ^ ' , 




4. Present Transparency #12 

• *^ • 


4. Work solutiort feeder selection problem 
;^ using 'and discuss the reasons for the^ var-;- 
•^'i'ous equations. Work problem wfth student • 
guidance, , ^ , 


t 


* 

• * 
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Module No: 



II2WWS 



Approx. Time: . • 
3 hours 



Module Title: V^' V, • _ 
Fluoridatjiqn and Deftuoridation 



Submodule Title: 



Topic^: 



Dry Fae^rs used foK^A'ddjng F/fuoride 



Objectives : Upon completion Qf this topic, the participant will be able to: 
1. List chemicals that.are^ commonly fed 'by dry feeders. 
List types, -.advantages ^p.cl, disadvantages of dry feeders. 
Describe required maintenance for dry feeders. * ' * 

Bescribfe safety and hazards in handling chemicals\ ^ , . ' 
Compute* desired chemica^l feed rate for a given water supply. 
Select a chemical feeder system for ,a given application. 



2. 
3. 
4. 
5. 
.6. 



instructional Aids: V 
. 1. 'Handout - Dry Efeeders 

2. Transparency #I3-#16 r Dry Feeder^ 

3. Transparency #17 - Example, of 'proper safety labeling 



Instructional Appj^oach: 
,J}iscussion .'and problem solving 



References : 



T 



1* Water Fluoridation Principles^and Practices > Manual No. M4; 

Americaji Water Works Association " ' • ' ' 

2. Manuar^of Instruction for Water Treatment POarLb Operators , Health 

Education Jjervice ^ ^ ' — 

V * 6 



Class Assignments: * 

1. The participant will read Handout -;Dry fefeders 
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Topic: 

Dry Feeders Used for Adding Fluoride 



Insect 



ctor tlotes: 



. 1. / Present Transparencies #13- 
' ^'#16 



Instructbr Outline: 



2. Present transparency #17 



of dry feeder. Include ^ 



_ ^7— - 

Discuss^ each typ 

operation, maijfit'fenance, advantages and 
* disadvantages compared to ^ther dry feeders < 
.Also include accuracy and safety with each 

feeder. * ^ • 

a. Screw- type Feeder 

1) -Varying characteristics of chemicals 

2) Scaling in solution tank 

' 3) Control . • ' 

4) Capital costs 
' b. Roll-type** Feeder 

1) Varying characteristics of chemical 

V 2) Scalfng in solution tank ^ 

3) Control 

4) Capital' costs 

c. Belt-type Feec^er ^ * * * 
1) Varying characteristics of chemrcal 
?) Scaling iq solution tan1< ^ 

3.) Control ^ 

4) . Maintenance -of belt's yoke 

5) Cfl^tal costs I , 

d. "LOSS-INtMEIGHT" Feeder ; " 

1) Varying characteristics of chemical^ 

2) -Scaling In solution tank 

3) Control , 

4) Maintenanj:e of s-crew <i;^ive_& sca.1e - 
beam . . 

5) Oapi tal costs ' " , ' - 

Work a typical dry feeder problem. Work ' 
problem explaining In' detail ^hy each step 
is being taken. Complete problem with 
student guidance. 
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112ms 



Approx. ^Time: 



3 hours 



4- 



Module T.itle: 

Fluorldertion and Defluo'ridation 



Submodule Title: 



Topic: . ] 

Selection of Optimal' Fluoridation Systeriff 



Objectives: Upon completion of this topic, the participant will be able to; 

1. Select the necessary auxiliary equipment for a fluoridation system. . 

2. Design the optimal fluoridation system for a -given water;sy$tem. 



Instructional Aids: ^ . 

K Handout - Optimal Fluoridation Sysitem' 

2. Transparency #18 - Auxiliary ^fluipmerit , " 

3. '.Transparency. #19 - Design of Fluoridation Sy-stW 

4. Transparei^ey ^^0 - Fluoridation Check List 



Instructional Approach: 
Discussion and problem solving 

4 . . 



References*:** c ^ 

I. Water Fluoridation Principles and PracN:ices > Manual Nd. M4, American 

Water Works Association . 
2- Manual of Instruction for Water Treatment Plant Operators , Health 

Education Service ^ . ' • / 



Clas^ Assignments:, 

1. The participant will 

2. The participant will work" 
- system' fop a giyen'water supply 




Hand 6|^t^j;^^0yimal, Fluoridation System * 
prubl6lfn2 on. design of a fluoridation 
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Hodule No; 
II2WWS 



Pagel 
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of 



Topic; 



Selecyon of Optimal Fluoridation System ■ ^ 



Instructor Notes 



1. Present Transp^ren-cy #18 



4 • 

2. Present Transparency #19 

3. -Present Transparency #20 



4. Present Class Problem #2. 
'Work problem, with class . 
participation. . . • 



Instructor Outline; 



Discuss- the necessary auxiliary equipment ' 
needed ^or a fluoridation system. Discuss 
in detail (the reason and points of applita-' 
.tVon' for e>ch item.':: 

.DiscVs__ti/e Ten States Starldards for 
fluoridation systems. 

Discuss the fluoridation check-list and' 
how it can be used to evaluate a system- 
•■ design. 

4. a) .8 mg/1 ' '. 

b) Fluosolicic Acid Diluted 
$250 and up 

c) ('.3-) (.15) (8. 34) ='.38 lbs/day ■ 
■use 50^/lb 

(".38) (.5) = '$..39/tray 
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Approx. Time: 
3 hdurs 



Module Title: 



FluoHHation ?^r\(\ Ho f 1unriria1;inn 



Submodule Title: 



4^ 



Topic; 
Analytical Control 



Dbjeqt.iyes:Upon completion 'of this topicrthe participant wi?1 
1. Define the monitorirtg requirements for a given water supp^l 



be able to: 
upply set forth 

by the USEPA.; . , * - 

2. Define the monitoring requirements for a given. water supply set forth 
by the Iowa D.E.Q. ' * • ♦ - ' ' 

3. List the approved. methods of analysis. , ' • 

4. Interpret laboratory rfata for 'plant control. ' ' * * 



Instructional Aids 



1 . Handout - laboratory Control"^ 

2. Transparency #21 -^Monitoring requirements 

3. . Transparency #22 - Laboratory Control 



^Instructional Appro^ach: 
Discussion 



7- 



References: ' * ' ^ 

1. Standard M^ods for Examination of Water and Wastewater, 14th Ed. 

2. ' Methods for Chemical Analysis of Water and Waste EPA ' " * 



Class Assignments: ' . 

1. The participant-will read Handout AKalyti-cal Control 
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Topic: _ ' . . ■ \ 

■ - > ■ .. 

Analytical Control. 


Ins tructoi^ Notes: 


Instructor, Out'line: ." * ' • 
T -■ -^^ 



2. Present TranspaVency #22 



1. *Oiscuss the necessary monitoring requirements, 
for. fluoridation systems." ' ' _ . " 

2. .Discuss in detail the- various methods for- 
fluoridation tes5ting. " Includq type of ' 
equipment needed and relative cost. 



\ 
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Module' No: 
II2WWS 



rox. Time: - 
1 hour 



Module Title: 

Fluoridation and Defluoridation 



Submodul^e ji^tle: ^ 



Tdp1c: 
Def luon'daffon 



Pbjectives:upon comple 



ERIC 



tion of tlhis topic, the participant w^Tl be able to: 



1. Describe^ a basic (^tefludriAion system^; 



Instructional Aids: 
1. Handout - Defluoridation A 




2. Transparency #23 - Basic Del\lubridation System 



Instructional Approach: 
Discussion 



References:, ' -^-v 

1* Water Fluoridation Principles arid Practices i Manual No. M4, 

American Water Works Association 
2. Manual of Instruction for Water Treatment Pltint Operators > 

Health Education Service . - 

... 



Classv Assignments : 

1. The participant, will read Handout - Defluoridation 
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I2WWS 



Topic: 

,Defliioridation 



instructor Notes: 



.1. ' Present Transparency #23 



Instructor Outline: 



1; Discuss the various defluoridation systems. 
Include costs and how'they operatfe. State 
the chemistry involved for removal. 

i- ■ 
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Module Title: 
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II2WWS • 
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Fluonidatinn ahH Dpf luoridfltion 






Submodule. Title.: 








Approx. Time: ' 




7- ■ -1 ^ 1 


• 

* 




1 hour 


Topic: 

\ \ . 
Evaluation 


1 


r 

Y 




Objectives,: - . \ - • 

The participant should be able to answer correctly 25 of the 30 /questions, 
asked. / " 


• 


« 










• 


Instructional Aids.:-, 




•> 






None * 


« 


* 






Instructional Approach: 
Examin'a\ion 


* 1 










« 










, ) 






RefeVences : 








i 


None * • * 




* 






> 


Mm -w 








Class Assignments: 
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• 




None 
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'■lodule No: , 
II2WWS* 



Topic:. 
Eva-luation 



Pag 




]• Distrib.ute exam. Each par- 
^ ticipant is to complete 
the exam independently , * 
and with no. book? or^ notes. 
Collect after 1 hkir. * ' 



Instructor, Outline 



Ik 



HISTORY OF FLUORTnATiaM- 



Perlent 

6C 



"V. 



?0 



0 


\ 




r^"* 

> 




Millions of Per 




^ — 










1 * 

U f- • . 


* 






■ 





60 



30 



Percent of Populotion, Served 



-t ' ' '_ 



' ' * ' 



1950 



Percent 

' 60 



1955 



I960 



1.0 



197^ 
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PECawm n UQRIDE CaiCBITRATIONS 




* ^ Fluoride-Ion Concentrations 

Annual Average of Maximtim (mg/t) 
Daily Air Temperatures' Based 



on-Temperature Data Obtained Recommencfed Limits 

for a MinTmunn of 5 Years ' 

Cf) 4rtJVy/er OptimOm Upper Limit 



Approval 



50.0-53.7. . 


0.9 


1.2 


" 1.7 


1.8 


53.8-58.3 


0.8 


I.I 


1.5 


1.7 , 


58.4-63.8 


0.8 


r.o 


1.3 


1.5 


63.9-70.6* 


0.7' 


• 0.9 ' 


1.2 


1.4 


70.7-79.2 


0.7 


0.8 


I.O 


1.2 


79.3-90.5 


*. ♦ 0.6 


0.7 


0.8 


1.1 



Sources J974 Drlnkit^^lXfqtct'S^^ qnd CuideUnes^ Water Supply, Division* Environmental 
Protection Agency. ' ^ \ ♦ ^ 
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SODim FLLDRIDE 



* Item . 


Sodium Fluoride 
NaF 


Form 


Powder or crystal 


>^olccular weight - 


42.00 


ComniercuD purity— /7frcf/i/* 


V0->8 


Fluoride lon-^per cent 
(100 percent pure material) 


42.25 


Pounds required per 'mg for 1 .0 
ppm F at indicated purity 


18.8 

(98perccnO 


pH of saturated solution 


7.6 


S6dium ion contributed at 
l.OppmF— /?;7/n 


M7 


F ion storage space— 
cuft/lOOlb 


22-34 


ouiu(/iiiiy-~iii 
g/IOOg water 


4.05 


Weight-/i?/cw// ^ 


65-90 


t 

Cost: 
Cents/lb 

Cents/lb avaUableF 


18-25 
41-57 


Shipping containers 


100-lbbags 
125-400-lb 
fiber drums, bulk 


f 


i 
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FLUOSILICiC-CID 



ERIC 



r. 

















• 


Fluocilirir Af*iH 


* 








% * t Item 


- H^SiFi; 










• — 












Form 


^ Liquid 










Molecular weight 


144.08 








* 


Commercia] purity— per cen/ 


22-30 


• 








Fluoridr ion— fjpr cpnt 












(100 per cent pure material) 


79.2 




• 






Pounds required per mg for 1 .0 ^ 


35.2 










ppm F at indicated purity 


(30 per cent) 










pH of saturated solution 


1.2(1 percent 












solution) 










Sodium ion contributed at 












l.OpjjmF— ppm 


0.00 






* « 




F ion storage space— 












cuft/lOOIb 


54-73 








Soiubility— at 25C 












g/IOOg wafer 


\ Infinite * 










Weight— 


10,5 lb/gal 












(30 per cent) 










Cost: 












>Cents/lb . . 


2W-15' 










Cents/ib available F 


14-63 










Shipping containers 


13 -gal carboys 












55-gal drums, bulk 








* 


\ 


9 * 

\ 










« • 


















f 


• 


• 


> 











28 TRAh^SPARENCY 1121*!$ - B 



$5DI[JMSILTmFllinRTnF 



hem 


Sodium Silicfv 
fluoride 


Fonn* 


Powder or 
very fine crystal 


Molecular wci^t 
Commercial pur'ny— percent 


' 188.05 
98-99 


Fluoride \on— per cent 
(100 per cent pure material) 


60.7 


Pounds required per mg for 1.0 
ppm F at indicated purity ^ 


14.0 
(98.5 percent) 


pH ofsaturated solution 


3.5 


Sodium ion^contributed at 
1 .0 ppm F'-rpp/n 


' 0.40 


F ion storage space— • 
cuft/JOOlb 


23-30 


Solubility-xat 25C 
g/JOag water 


0.762 


Weight— /6/cu// , ' 
/ 

1 


55-72 


Cost: 
Cents/lb 

Cents/lb availableF ^ 


8-10 
13-17 ' 


Shipping containers 


ioo-lbbags 
125-4pa-lb 
fiber flrunisTbulk 



$im\RY OF R_UQRIDE CQTOmS 



! 

Item 


Sodium Fluoride 
NaFj 


Sodium Silica- 
. fluoride 
NajSiFg 


FluosilicicAcid 


Form 


Powder or crystal 


Powder or 
very fine crystal 


Liquid 


Molecular weight ;' , 


42.00 


188.05 


144.08 


Cpmmcrcial puniy ^perc^rtt 


-90-98 


98-99 


22-30 


Fliioridc ion— p^r cent ^ 
( 1 OD per cent pure maicrial) 


> 

* 42.25 


60.7 


79.2 


Pounds required per mg for 1 .0 
ppm Fat indicated purity 


* * 18.8 
(98perccii() 


14.0 
(98.5 percent) 


35.2 
(30pcr^cent) 


'pH.of saturated solution 
Remarks 


. 7.6 


3.5 ' 
c, d, h 


1 . 2 n Dcr cent 
solution) 


F ion storage space— 
rij ft /inn ih 


22-34 


23-30 


54-73 


Solubility— at 25C 
g/JOOg water - ' 


4.05 


0.76? 


Infinite 4, 


Weight— /^/o/// 


65-90 


55-72 


10.5 lb/gal 
, (30pcrcent) 


Cost: 
Onts/Ib 

Cents/lb available F 


18-25^ 
♦1-57* 


• 8-10 
13-17 


216-15 
14-63 


Shipping containers 


lOO-lb bags' 
li5-400:Ib . 
fibcrdrunis,t>ulk 


100-lbbags 
I25-40O.Ib 
fiber drums, bulk | 


13-ga] carboys 
S^'gal drums, bulk 



• Ceramic 'crocks or other corrosion-resistant containers 
Conditionmg make-up water to minimize clogging by sludge 

' Respirator (dust mask). ^ ' ^ ^ ^K^. 

• Rubber gloves. . 

• Residual. 

y Weighing scales. « 

• Polyphosphate feeH to stabUize solution and minimize incrustation 

• Automatic stop-start controls. . 
' Acidproof 'aprons. ' 

' Industrial goggles for protefction agaihst a^id. 



/ 



Pop.ulation-Size of« 
' Water Supply Systems . 

Totals 

.1,000,000 and OVER 
- 500,000 thru 999,999 
250,000 thru 499,999^ 
100,000 thru 249,999" 
'50,0db thru 99,999* 
1 24,000 thru 49,999 
10,000 thru 24,999 
5,000 thru 9,999 
2,500 thru 4,999 
1,000 thru ,2,499 
UNDER 1,000 
NOT SPECIFIED 



Number of Sodiym Sodiiim . PluosHicic 

Systems Fluoride Slllcof luorlde * ' Acid 

Fluoridating Dr^ Solution Dry , Solution Solution 



1,785 


147 


412 


710 


\ 67 


383 


5 










4 


13 










2 


16, 


4 




:i 




1 


47 


6 


1 






12 


60 


2' . 


1 


47 


. 2 


8 


140 


. 19-- 


8 


80 


10 


19 


335 


37 


33 


192 


8 


56 


344 


41 


57 


167 


12- 


. 61 


303 


21* • 


8g 


115 


10 


66 


342 




i37 


58. 


17 


105 


144 




/ 89 


2 


5 


- 48 


36 






2 




1 



Ammonium 
Fluoslllcate 
Dry Solution 



Calcium 
Fluoride 



Other, Adjusted 
Natural Fluoride , 



1^ 

^^1 



Solution And Not Specified 
1' 56 



2 
9 
4 
3 
7 

33 



•31 



32 



ERIC 



TpANSPAPEncY n2!'.1'!S ~ ' 



TYPICAL SOLI fTION FFFHR ' 



V 




If 



FLOW CONTROL- 
SYPHON BREAKE 
SOLENOID VALVE 



WAIL 
OUTLET 
IIS VAC. 

)0 H 



TO roiNT OF 
ANTUSIPHON VVMVeV"**"»»«%%7, 



|l MblDED FI6ERGLAS CO 



AWATER 
j|METM 



~ PIN 

./ * BOLT 
t:J PVC BLOCK 



^••Z-^tetJ^jL FLOAT VALVr 
^^v— .'***5r^A S S E M BL Y' 




so GAL. POLY - 
ETHYLENE TANIC 

• SATURATE© SOLUTION 
WATER . OF 4% FLUORIDt 
SOFTENER 



SODIUM FLUORIDE 



DISTRIBUTOR TUBES 




PVt BALI VAIVEIOPTIONAL'J. 
3r/4* NPT DRAIN * 



r 



V 



POSITIVE Dispi AcWi] ; $01 imryj ffrfrs; 




POSITIVt-OlSPlAClMtNT PIUNCER ''pUMP 




VANE SLIDING 



STROKE-POSITION - 
CONNECTING ROD ' 



ECCINTRiC> 



.OUTUT 




OM.PHRAGM 



POSITIVE •DISPLACEMENT 
DIAPHRAGM PUMP ' " 




GEAR 




A^ANC SWINGING ' 



■ ^ 
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Transparency !IZ',*'!S 




Problem: Select a solution if eeder for the following apjjlication'- 
Water now-200 g^m at^75 psi . , ' 

Huoride source - iaturator (produced a 4 per cent'^odiuj^.nuoride solu- 

tion» 18 000 ppm ^ F) • • 

Desired fluoride level — T .0 ppm * 

'•'Calculated solution feed rate: /?! X Ci =";?, X C'i 
•where ^ « i z • z 

= water rate, in gallons per minute * ' 
•Cj = .fluoride level, in parts per million 

/?2 = solution feed rate, in-gallons per minute (the unknown quantity in 
this case) ' . ' " . 

' C2 = solution strength in parts per million " « • 

then 

200 gal/min X 1.0 ppm = x X 18 000 ppm . ^ 

„ _ 200 gal/min X 1 .0 ppm „ ' - 

" • 18 000 ppm ^"•"^^g^'^'"'" " 

0.011 gal ^ 60jTiin 0.67 gal * / 



mm 



hr 



Feeders available: 

Manufacturer A, Xjodel 1203; three-step pulley drive. 
Delivery rate: ' ... 

at l3 spm, O.02-O.3gpmat lOOt^si • ' . ' 

at 26 spm*0.04 - 0.6 gph ^. * • ^ ' 

at 46 spm, 0.06- 1.06gph (. • ♦ * . 

Manufacturer B, Model 5701-111, single speed (37.5 spm) 
Delivery r%e: 0.05 - 5 gph maximum ^ *• 

Manufacturer C, Model 12000, electronic stroking control.(3 - 72 spm) 
Delivery rate: 0.01 - 1.6gph ^ ' \ , 

' Selection: The required delivery rate falls:within the range of all three fced- 
ers.-so all are possibly acceptable. However, the delivery rate would require the 
highest stroke frequency of the feeder from Manufacturer A, a situation which 
while not unacceptable, is not ggerred. Similarly, the delivery rate is too close 
to the mmimum of the feedertffflh Manufacturer B tobe completely satisfac- 
tory. The feeder from Manufacturer (? appears to be the best choice*, since the 
delivery rate is approximately in the middle of its range. A further investigation 
into the feeder characteristics shouldbe made irtorder to ascertain the combina- 
tion of output per stroke and stroke frequency that would b? required and to 
, verify that neitherls. near the extremes of the feeder ckpability. ' ' 
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Transparency lW3r^^~2 



DRY FFPIFR nPFRATIQfiS PRORI R1 » 



To determine the accuracy and .reliability of a dry feeder, a small balance nr 
scales and a stopwatch,or a watch with a sweep second hand S reauired iL 
s^rt^ shallow pafror shtet of cardboard between the measuring mecEm^^ 
dissolving chamber of the feeder while the feeder is operatinrm^king sure £ 
all the chemical that feeds through wfll be collected Cnn^rf fhTl • ^^^l^T. 
fed in several short periods: for eLmple 5 S oV^^^^^ 
cnr^ H°".'."^f ^"'^ '''' d the weigffgsS tSs'ar^a°c 
SndS^rSttaTy^^ 

Example:M^ights of sodium silicofluoride in grams collected inl-min periods 



35 
35 
34 
36 
35 



Total: 175 Average: 35 g/ijiin 

Uniform;!?: . 35g' ± 1 g in 5 min (about 3 per.cent variation) ' , 

Feed rate: • S • v 60 min .^^ « 

• 5lSE ^ "HT" " °^ °-525 Ib/hr ■ 

The uniformity of feed in this^case would b? acceptable. If fluoride levels are- 

Id «:TJ-T'''^'''''" f^der^elivery rate should be ma7n X 

ed at the highest accuracy possible. Repeating a test with longer sampling 
ods would-tend to show a smaller percentage of variations ff hlSef Sta 
propei^ working condition. ■ . . ^ iccacr is in 
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RJ.ORIWION AUXILIARY EnuTPMPr 



9. 



b: 



Ik 



. .^Ieters . . 

Scales 
soreners 

niXERS 

jlSSOLVING TANKS 
-L0W7CTERS 

jay tanks 
.5ag loaders 

just collectors and wet scrubbers 
.Alarms 

Vacuum breakers 
Hoppers- 

' Weight recorders - 

udntrollers 

Eductors 

Pumps 
• Timers 

Hof^PER AGITATORS 

Flow-splutters 



* 
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TPl STATESvSfAMDS 



4.7.1 Fluoride compound storage , * • , 

Compounds.shall be storedOn cove«d or unopened shipping containers and should be 
stored inside a building. -Unsealed storage units for hydrofluosilicic acid should b^ vented 
to the atmosphere at a point outside any building. 



4.7.2 Chemical feed equipment and methods , , 

In addition to tfie requiremenU in Part 5, fluoride feed equipment shall rfieet the 
following requirements: 

. ^ av scales or loss-of-weight recorders shall be provided for dry chemical feeds, 

b. ^feeSers shall be accurate to within five percent qf any desired feed rate, 

c. to avoid precipitation of fluoride, the fluoride compound should not be added 
J)#fore lime-soda softening and..shall -not be added before ion exchange softening, 

d. the point of application of hydPofiuosilicic acid.'if into ■«"■ horizontal pipe, shall be in 
the/lower half of the pipe, 

e. a fluoride -solution-shall be applied^by, a positive displacement pump having a' stroke 
rate, not tess than 20 strokes per minute, 

f. adequate anti-siphon devices shall be provided„for all fluoride feed lines. 

4.7.3 Protective equipment 

At least one pair of . rubber -gloves, a respirator of a type certifi'ed by the National 
Institute for Occupational Safety and Health for toxic dusts^or; acid gas (as necessary), 'art. ' 
apron,^ or other protective clothing, and goggles or fac^ masks 'shall be provided for each 
operator. Other protective equipment must be provided as necessary 

4.7.4 Oust control ♦ 

• a. -Provision must be made for .the transfer of dry fluoride compounds from shipping 
containers to "storage bins' or hoppers in such a way. as to minimize the quantity of 
fluoride dust vvhich may enter the room "in which the equipment is installed. The ^ 
enclosure shall be provided with an exhaust fan and dust -filter which place the 

hopper under a negative pressure. Air exhausted from fluoride handling equipment 
shall discharge through a du$t filter to the outside atmosphere of the building. 

♦ 

b. Provision shall be made for disposing of empty b^gs, drums or barrels itta manner 
which will minimize exposure to fluoride dusts. A floor drain sho^ild be proyWed to 
facilitate the hosing of floo/s. . ^ 



flONITORING REQUIRTOfTS 



EhivisoNr^NTAi: Protection .%ency 
.1. Drinking water standards 
a) Surface mTER 'supplies 

; - • ONE sample per" year 

B) Ground water supplies 

^ ' ^ ONE S.AMPLE PER Tl« YEARS 

L Fluoridation program . 

A) One sample per dAy at plawt and at sort 
point m THE distribution systbi. 

lom depart^entcof environmental quality 

1. Daily sampling at t>€ plant 

2. fbNTHLY REFEREE SAMPLES FROM THE StAT^ 
HyGENICS LABORATORY •" ' . 




1' _ 

V 
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LABORATORY mm 



' A. AlI ZAR I ^r METHOD - 

B. 'SPAITiS METHOD 

C, ElECtRODE METHOD 



/ 



J 



{ 



/ 



\ 
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Transparency IIH'IS - fe2 



.WJJORIDATia^P" 



\:tivated alumina • 

Regenerated with IZ soLirrioN of caustic soda 

Bone char " ' 

regenerateb***tth iz s0luri0"n of caustic soda 

Ion EXCHANGE ^ 



« 

r 
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CLASS PROBLEMS 
for 

Training Module II2WWS 
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ERIC 



. . • CLASS PROBLEM jfl 

If a water supply serves an area with -an annual maximum daily air 
temperature of 70*F and has a natural -fluoride concentration of J. 0 
mg/1: * c • 

a.) What' fluoridation system^should be, used? • 

b) What^ill be the optimal concentration? 

c) What w'ill be the maximum allowable concentration? ' - C 

d) What will be^e recommended minimum concentr^ation? ' ^ 

\ . - : . * - 



CLASS PROBLEM §2 - ^ 



A community of 2,000 people ts considering a new fluoridation system. 
The current water supply is a, well water having a natural background, 
fluoride concentratiofToV .5 mg/1 . * _ _1 " ' 

a. If the average maxiinum air temperature -is 75*Fj what should the 
fluoride concentration be adjusted to? 

* ' " ; 

b. WH^it fluoridation feeding system would be ,the^ost economfcal? • 
Approximately what would thje cost be? - _ 



c. If the community uses 150,000 gallons per day, what will be 
the chemical cost?. 



/ 



Handout for II2WW$ - Fluoridation and Defluoridation 



!• -Introduction 

A. History of fluoridation 
Benefits of fluoridation 
C* Drinkfing water standards 



Annual Average of Maximum 
D'&ily Air Temperatures Based 
on Temperature Data Obtaine<J 
for a Minimum of 5 Years 
(-F) 



Fluoride*lon Concentrations 
(mg/i) 

Recommended Limits 
Lower ^Optimum , Upper 



Approval 
Limit 



50.0-53.7 ' 


0.9. 


1.2 




1.8 


53.8-58.3 


0.8 


1.1 




1.7 


. .58.4-63.8 


0.8 


1.0 


-1.3 


1.5 


63.9-70.6 


, --^0.7 


0.9 ' 


1.2 


\A 


^.7-79.2 


0.7 




1.0 


1.2 


79.3-90.5 


0.6 




o:8 


1.1 



Source: 1974 Drinking Water Standards and Guidelines^ Water Supply Division, Environmental 
Protection Agency, 



II. Principles of Fluoridation 

A. Sodium fluoride 

B. Flubsilicic Acid 

C. Sedium Silicofluoride 

D. summary of fluoride compounds 



Item 


Sodium Flboride 
NtF 


Sodium Silico- 
fluoride 
Na^Sa^ * 


r 

FIuosilidcAdd 
H'>SiF< 


Food 




» Pnu/if^rnr 

* « VWWvI Ul » 




Powder or crystal 


very finb crystal 


Liquid' 


Molecular weight ^ 


42.00 " 


* 188.05 


144.08 


Commercial purity— per ce/?/ 


90-98 * 


98*99 




Fluoride ion— /«rr ctnt 








(100 pcrtept pure material) 


42/25 


60.7 




Pounds required per mg for 1 ,0 


10.0 


14.0 


• • 

35.2 


ppm F at indicated purity 


(98 per cent) 


f98 5Dcrcffnt) - 


yjv per CCul J 


pH of saturated solution 


7.6 


3?5 


.1.2(1 percent 


Remarks 




c,d,K 


solution) 


F ion storage space— 








cuJt/lOOlb 




23*30 


, 54*73 


Solubility-ai 25C 






ft 


if 100 z water * 


4.05 


0.^62 


InQnite 


Weight— /6/a//f ' 


65-90^^^ 


55^72 


l&.5Ib/ga] 


% 






(30 per cent) 


Cost: 








Cents/lb 

Cents/lb available F ' 


18*25 
• 41.57 


8*10 
13*17, 


2Vi*15 V , 
. 14*63 


Shipping containers 


lOO-Ibbags 


0 1<»-Ibbags 


' 13-galcarbo>^ 




125 - 400-Ib 


IIT-. 400.1b 


55*galdrunu, buSk 




fiber drums, bulk | 


fiber drums, bulk 





• Ceramic crocks or other corWn-resistant confainera 

^ Conditioning mske-up water to^iniroize clogging by aludee 
' Respirator (dust mask). -IT ^ ^ * 

RuUbcr^loves. 

• Residual. 

^ Weighing scales. * 

•Polyphosphate feed to stabUize solution and minimize incrustation. 

Automatic stop^t^rt control*. 
' Acidproof aprons. " , 

' Industrial goggles for protection against acid. 



54 



III. . Solution Feeders Usetl for Adding Fluoride 
"A.. Typical solution feeders ' 
.B. Typical dilute 'ert:idYeeder 
• y C. Positive displacemenx solution feeders 
IV. Dry Feeders Us^for Addj\ig Fluoride 
A. Screw-Type ^ - 
Roll -Type 
. C. - Belt-Type 
^ -D. ^'Loss-In-Weight" Type 
•V. Selection of Optimal Fluoriij^a^tfo/? System 
. A. Auxiliary Equipment 
' ; B. Ten States Standards 



4.7 FLUORIDATION 



Commercial .sodium fluoride, sodium siliiofluoride and hydrofluosilicic acfd shall conform to the 
applicable AWWA sjtandard's. Other flubride compounjis whid\ may be available must be 
'-approved by the reviewing authority. TheVproposed method of fluoride feed must be approved 
by the reviewing authority prior to preparation of final plan? and specifications. 



4.7.1 Fluoride compound storage 



Compounds shall be stored in covered 
stored inside a building. Unsealed s 
to the atm'ospjier^ at a point ,outsid i 



oryrfjqpened shipping containers an8 . should be 
orage^units for hydrofluosilicic acid should be vented 
I any building. 



4.7.2 Chemical feed equipment and methods 

^ In addition to tfie requirements /m Part 5, fluoride feed eqjjipment shall meet the 
following reqijirements: , ^ » ' , ^ 

' ! ' ^ V - * 

a. scales of loss-of-weight recorders shall be provFded for drvnctiemlcal feeds, ^ 

• b. feeders sh§ll be accurate' to within five percent of any desired feed rate, ^ , 

c. to avoi^ precipitation of fluoride, • the fluor^^ compound slK^ld not be added 
before lime-soda softenfng and shall not be added before iorl exihange softening, 

' . ,.i . ■ 

di, ^ the point of application of hydrofluosilicic acid, if Into a tM^nzditat pipe, shall be In 
«the lower half Of the pipe, 

e. a fluoricie solution shall be applied l^y a positive displacerafint pump having a stroke^ 
.rate notf*les$ than^MJO strokes per/minute. 



f. adequate 'anti*siphon devlces*shall be .provided for all fluoride feed lines. 



Protective equipment \ ^ 

At least one pair of rubber gloves, a respirator of a type ce/tified by th§ National 
Institute for Occupational Safety and Health for toxic dusts or acid gas (as" necessary), an 
apron, or other protective clothing, and goggles or face masks shall be provided for each* 
operator. Other protective equipment must be provided as necessary. ^ 



4JA Dust control 



a. . Provisfon must be made for the transfer of dry fluoride compounds from shipping 

containers to storage bins or' hoppers in sudi a way as to minimize the quantity of 
fluoride dust which may enter the room in whidi=^the equipment is installed. The 
'enclosure shall ^be prdvided with an exhaust fan and dust filter whidi place the 
hopper under a negati^ pressure. Air exhaustecf from fluoride handling equipment 
shall discharge through a. dust filter to the outside atmosphere, of the building. 

b. Provision, shall be made for disposing of empty bags, drums or barrels in a manner 
which will minimize exposure to fluoride dusts. A floof drain should be provided to 
facilitate the hosing of floors. 



4J3 Testing equipment ^ • . 

Equipment shall be provided for measuring the quantity of fluoride in the water. Sudi 
equipment shall be subject to ^e approval of the reviewing authority. . 



C- Fluoridation Check List i v 
(See Figure #1) - , s , . j 

Analytical Control ; . ^ . ' ■ ^ 

A> Monitoif^ing. requirements i / * ^ ^ ^ 5 " 

. 1. Environmental Protection Agency ^ / • / 

a. ^Drinkfng Water Standards. >^ * ^ 
]i . . - J) Surface water supplies 

• erne sample p^'r ye^r ^ ) ' , 3 , ^' , ) 

2) Ground water supfilies ^ * . . » 

t / . ^ ' one sample per two years ' ^ ^ \ ' ' 

b. Fluorictalion Program' ^. > ^ ' 
.1 , 1) One sample per day at plant ^ ' 

rand at som^ point in the • ' . . 

; distribution system.^ ] ' - ^ ' - I ^ 

'2. Iowa Department of Environmental Quality ' • 

a. Daily sampling at the plant ^ . 

b. Monthly referee samples from the State : ^ ' 
: Hyg'ienics Laboratory. ' * 

B- U^boratory Control * , ^ , ^ » ( 

^. Alizarin Method . . • 

' 2. -SPADNS Method ' 

^ ^ 3. Ele^^rode l^^t^pd , . y . ^ ^ 7 / . . . r 



t i 



56 



9 



Defluori'dation 

Activated ATumina 
Bone Ghar 

Ipn Exchange * ^ 




• J 



4 



QiemicaiAnd System 



Sodium Fluoride 
Manual Solution 
Preparation 



Sodium riubride> 
Automatic Solution 
P/eparation 



Fluosilicic Acid 
DUuted 



Fluosilicic Acid 
23 • 30% 



Sod^Hit Silicofluoffde Or Sodium Fluoride 
Dry Feed ^ ^ 



Water Flow Rate 



Less Than 500 gpm 



Lest Than 2000 gpm 



Less Than^SOO gpm 



More Than 500 gpm 



More Than 100 gpm 



More Than 2 MGD 



Population Served By 
System Or Each Well Of 
Multiple-Well System 



Less Than 5000 



Less Than 10,000 



Less Than 10,000 



More Than 10,000 



More Than 10,000 ^ More Than 50,000 




Chemical Specifications 
And Availability 



^Crystalline NaF, 
Dust-Free, In*Bags 
Or Drums« Generally 
Available. 



Do wnflow - Coarse 
Crystalline NaF 
In Bafjs Or l(tumuy 
May Be Scarce. 
Upflow • Fii^e 
CrystaUine NaF 



Low-Silica Or 
Fortified Acid In 
Drums Or Carboy*, 
Generally Avail* 
able. 



Bulk Acid In Tank Cars 
Or Trucks. Available 
On Contract 



Dwder In Bags, Drums Or Bulk. Generally Available. 



Handluig Requirements 



Weighing, Mixing, 
Measuring 



Dumping Whole Bagi 
Only 



Pouring Or Sip|ion- 
ing, Measuring, 
Mixing, Weighing 



Ail Handling By Pump 



Feeding Point 



Injection Into 
Filter Effluent Line 
Or Main 



Bag Loaders Or Bulk Han'jling Equipment ReqUtred 



r 



Injection Into 
FUter Efno^it 
Line Or Main 



Injectioninto 
Filter Effluent 
Line Or Main 



fnjec^ion Into Filter 
Effluent L\ne Or Main 



Other RequiiemeDts 



Solution Water May 
Require Softening 



Solution WaW May 
Rjcquire Softef^injS 



Hazards 



Aust, Spiliage, ^ 
Solution Preparation 
Error > 



Dilution Water May 
Require Softening 



Acid-Proof Storage, 
Tank, Piping, Etc 



st^pilla|e 



Corrosion, Fumes» 
Spillage, Solution 
Preparation Error 



torrosion, Fumea, 
Leakage 



Gravity Feed From Dissolving Chamber Into Open FlUme 
Or Clear- Well^' Pressure Feed Into Filter Effluent Line 
OrMain 1 . 



Dry Storage Arca,^ust CoUectorsj Dis$olving<:;hamber 
Mixers, Hopper Agitators, Ediictors, Etc. 



Dust^SpiUagei Archil^ And Floodingin Feeder ^ncl Hopper 



Figure Iim^lS -'Q 
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Examination for II2WWS - Fluoridation and Defluoridation *' 

1* Fluoridation is-a commoTn?\ter treatment ^process for tjie prevention, 
of_ ^ , ^ 

2. Maximum fluonide levels in drinking water have been set by 



3. The maximum fluoride level in drinking vwrter^ depends on 



4*^ List three common chemicals used in fluoridation. 



a, 
c. 



5. List four dry fluoricle ^eeds. 



.a. 
b. 

. f d. 

6.^ Li^ three laboratory tests used to control^ fluoridation/ 

a, 



c 

j 

i ,7. /-Defluoridation is^ generally accomplished u 

or 




.i0 ^ ■ 

^ j * ^ 8. ^Monitoring requirement^ st^te that ^amples are to be collected daily at " ' 

- f . and ^ ' 



•9. If a water plant adds .6 m^/1 of fluoride to \ mgd, how manj^ pounds of ' 

fluoride wilj be needed pef day? I f the fluoride is add^d 

by use- of a 20% solution, how many gallons of fluoride solution will * 
be pumped per day? \ i . . . 

TRUE OR FALSE- CIRCLE THE CORI^ECT ANSWER. . ^ 



I 



I T 


or 


F 




5 T 


or 


• 

;'F 




ir 


or 


F 


12. 


T 

> 


or 


F 


13. 


> T 


or 


■ F 


14. 











to operate than dry* feeders. 

; T or F 14. Dry feeders are 'normally more economical for lafge water 
> supplies. ' . . \ 



O ' ' — Sim 

ERJC . . 



'T or F 15. A respirator and eye protection should always be used 
when handl-ing dry fluoride chemicals. 

T or F. 16. Softeners! or polyphisphates are normally required for 
solution feeders. 



T'or F 17. DEQ requires referee samples be tested by plant operators^ 
^ and the State Hygienic Laboratory. 

T or F 18. The .electrode method for fluoride detemi nation is the 
only one method apjDroved by EPA. 

T or F 197n)eTTuoridatipn systems are 'normally regenerated with 
causic soda. L ' 




r 



• \ 

% 



em- 
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